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FEATURES 


@ High-throughput PCI bus interface optimized for video 
playback 
Large write buffer allows sustained zero-wait-state bursts 


Independent memory apertures for BitBLT and CPU/video 
allow concurrent operations for optimized video playback 


Byte-swapping for PowerPC™ support 

PCI v2.1-compliant 

@ Advanced 64-bit BitBLT engine for Windows® 95 
Transparent source data BitBLT for DirectDraw™ 

Color expansion for all graphics modes 

Large data buffers for fast screen-to-screen BitBLTs 
Double-buffered, memory-mapped registers with AutoStart™ 
Optimized color 8 x 8 PatCopy 

Accelerated Packed-24 modes 


@ 64-bit DRAM interface optimized for EDO DRAM 


— 80-MHz MCLK offers up to 320 Mbytes/sec. peak bandwidth 
— Supports new 128K x 16, 128K x 32 DRAM 


m V-Port™, GPIO, I2C bus interfaces for video decoders 
Video capture, closed-caption capture applications 
GPIO permits video decoders with single load on PCI bus 
Automatic double buffering prevents video ‘tearing’ 
Glueless interface to the CL-PX4072 

Interface to MPEG and other video decoders 

@ Hardware window for video display 

Multiformat frame buffer 

Supports YUV-16 true color video with 8-bit graphics 
YUV 4:2:2, AccuPak™, RGB-8, RGB-16 video formats 
Unique YUV planar assist mode 

Independent interpolated X and Y zooming 

Occlusion support with color- or chroma-key 


m@ PC97-compliant (Revision B) 


(cont.) 
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OVERVIEW 


The CL-GD5446 delivers high-performance graphics and TV- 
quality, full-motion, full-screen video playback in an integrated, 
single-chip device. The CL-GD5446 VisualMedia™ accelera- 
tor, integrated into a cost-effective personal computer, plays 
CD-ROM video clips and disk-based video files (including 
MPEG titles), in full screen at up to 30 frames per second with 
fully synchronized sound. At the same time, the CL-GD5446 
delivers exceptional system throughput with minimal impact to 
system operation. Transparent BitBLT and page-flipping fea- 
tures provide outstanding DirectDraw™ and games perfor- 
mance. 


The CL-GD5446 provides a glueless connection to most of the 
popular video decoder devices from Cirrus Logic as well as 
other vendors. This provides broad flexibility to support live TV- 
in-a-window, closed captioning, hardware MPEG, and video 
conferencing, extending baseline system functions with 
enhanced features to meet the requirements of a wide range 
of applications. 


The CL-GD5446 can support YUV 4:2:2 video playback in an 
arbitrarily sized window on 1024 x 768, 256-color graphics 
with a frame buffer of only 1 Mbyte. This capability can help 
place PCs using the CL-GD5446 at a very favorable price-per- 
formance point. 


The CL-GD5446 supports pixel resolutions of up to 
1280 x 1024, and 16.8 million colors at resolutions of up to 
1024 x 768. (cont.) 
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FEATURES (cont.) OVERVIEW (cont.) 

@ Product differentiation for video-playback applications The CL-GD5446 features an integrated dual-frequency syn- 


Home PC television tuner: ‘TV-in-a-window’ 
Video clip capture 

Home video editing 

Video mail/video message 

Personal video conferencing 

MPEG-1, MPEG-2 applications 
Closed-caption applications 


thesizer with on-chip oscillator and filters, as well as a triple 
8-bit palette DAC with on-chip current reference. Green-PC 
power-management features help make systems based on 
the CL-GD5446 compliant with the Energy Star Program. 


The CL-GD5446 is software- and pin-compatible with the 
industry-standard Alpine family of VGA controllers from Cirrus 
Logic. It comes with the same Cirrus Logic quality software, 


™ Cirrus Logic provides enabling software drivers applications support, and documentation. 
— Windows® 95, Windows® 3.x, NT™, OS/2®, and AutoCAD® Revision B of the CL-GD5446 is PC97-compliant. 
~~ Gene ang Cirrus Logic also provides TV decoder application software — 
= WWiGeeperemanayey) TVTap™ — for the CL-GD5446/’PX407X designs. 
ADVANTAGES 
Unique Features Benefits 
Outstanding VisualMedia™ Acceleration 
@ High-throughput PCI bus interface G Minimizes host bus bottleneck for VisualMedia™ playback. 
M@ Advanced 64-bit BitBLT engine with transparent BitBLT O Supports Fast Windows® 95, DirectDraw™, and games. 
and page-flip support 
H Optimized EDO DRAM interface O 64-bit and 80-MHz MCLK offer best performance for 
mainstream DRAMs. 
M 128K x 16/32-bit DRAM options OF Allows 3- and 1-Mbyte (64-bit) options. 
Superior TV-Like-Quality Video Performance 
@ Hardware video window © Allows independent graphics and video streams to be 
displayed on-screen. 
M@ X and Y linear interpolated scaling OG Minimizes aliasing and allows best video display regardless 
of screen size. 
@ YUV planar assist, AccuPak™ encoding © Technology to obtain best performance while minimizing 
video-quality degradation. 
@ Multiformat frame buffer 0 Allows true-color video with 256-color graphics. 
@ Color key, chroma key 0 Allows graphics over video in video playback and video 
capture modes. 
Foundation for Differentiation 
M@ Video capture V-Port™ © Allows video decoder interface and eliminates separate 
frame buffer for lower system cost. 
M@ General-purpose I/O bus © Allows single load, glueless, generic I/O interfacing to 
industry-standard video decoders. 
gm VPM™ 0 Video port API for Windows ® v3.x and Windows® 95 easing 
peripheral application software development. 
m@ (2C interface © Allows low-cost control interface for applications such as TV 
decoders. 
Compatibility 
H Compatible with VGA and VESA® standards J Compatible with installed base of systems and software. 
@ Drivers supplied at various resolutions for Windows ® 3.1, OO Provides a ‘ready-to-go’ solution minimizing the need for 


Windows NT™, AutoCAD®, OS/2®, and other popular 
applications 
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SOFTWARE SUPPORT 


Cirrus Logic provides an extensive — and expanding — range of software drivers to enhance the resolution and perfor- 
mance of many popular software packages. Note that the CL-GD5446 VGA graphics portion of a system does not require 
software drivers to run applications in standard-resolution modes. 


Cirrus Logic software drivers for the CL-GD5446 include: 


Microsoft® / Intel® DCI (display 
i eceioernia 


a All monitor types do not support all resolutions; 640 x 480 drivers will run on PS/2®-type monitors. Extended resolutions are dependent upon 
monitor type and VGA system implementation. 


BIOS SUPPORT UTILITIES 


™@ Fully IBM® VGA-compatible BIOS lH Graphics and video diagnostics test 
H Windows® NT™ and DOS utilities 


M@ Relocatable, 32 Kbytes with PCI bus support 
lH Video mode configuration utility — CLMODE 
™ VBE (VESA® BIOS Extensions) support in ROM Set resolution in Windows® utility — WINMODE 
@ Support for DPMS (display power management H Configurable system integration for OEMs — OEMSI 
signaling) in ROM 
H VESA® monitor timing-compliant 


@ DDC1/2B support 
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CONVENTIONS 


Abbreviations 


The use of ‘tod’ indicates values that are ‘to be determined’, ‘n/a’ designates ‘not available’, and ‘n/c’ indi- 
cates a pin that is a ‘no connect’. 


Numeric Naming 


Hexadecimal numbers are represented with all letters in upper case and a lower-case ‘h’ is appended to 
them (for example, ‘14h’, ‘3A7h’, and ‘COOOh’ are hexadecimal numbers). Binary numbers are repre- 
sented with a lower-case ‘b’ appended. Numbers not indicated by a ‘b’ or an ‘h’ are decimal. 


Acronyms 


CLUT color lookup table 


CMOS complementary metal-oxide 
semiconductor 


CPU central processing unit 
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pDDG display data channel 
PDME desktop management signaling 


DPMS display power management 
signaling 
DRAM dynamic random access memory 


EEPROM electrically erasable/programmable 
read-only memory 


enhanced graphics adapter 


EPROM electrically programmable read-only 
memory 


EVAFC extended VESA® advanced feature 
connector 
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1. PIN INFORMATION 


The CL-GD5446 VGA GUI controller is available in a 208-pin PQFP (plastic quad flat pack) or HQFP 


(high-performance quad flat pack) for the PCI bus only. 


Q 
t Wu 
28 oF BA BRAD Oe Bano NAN NBG NNANAR RR ZAGOFAIG 9 EHOoe 
BSS SOO BS SS SSS OOO MOR ARS eS AR NT LOH RRE 
BEERS EISISIILITSSISS BSSSoSARASAARA rererrrr8858s 
MD63 ~«—»- VSS6 
MD62 —<—2- —a— |REF 
MD61 —<_——» —» RED 
MD60 >» —» GREEN 
MD59 —«-—» —» BLUE 
MD58 —«-—>- — DACVDD 
MD57 —_—»- ——» HSYNC 
MD56 ~——» DACVSS 
VSS10 — VSYNC 
CAS7# ——— VCLKVDD 
WE# —«—— RSET 
RAS1# —«—— VCLKVSS 


MD49 ~«— ——_—_—er» AD6 
MD48 ~«—»- ——<——» AD7 
vos CL-GD5446 voDs 
CAS6# —«—— ~<—r ADS 
| _ — 
went 208-Pin PQFP/HQFP ADP 
MA1 ~«—— —~a—r AD11 
MA2 —<«—— PCI Bus > ADI2 
MA3 —«— vss4 
MA4 ~«——| ~a—r AD13 
MA5 —«—— —a—r- AD14 
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1.1. Pin Summary 


The following abbreviations are used for pin types in the following tables: (I) indicates input; (O) indicates 
output; (O-Z) indicates tristate output; (OC) indicates open-collector output; (BIO) indicates bidirectional 
I/O; (/O) indicates input or output depending on how the device is configured and programmed. 


Table 1-1. Host Interface 


Pin lon lot Load PCI GPIO> Pixel Bus¢ 
Type (mA) (mA) (pF) Redefinition Redefinition 


ee a oe a a 


a 
Os 
Og 
= feof [=e fe [we ff 
ON 
a 


57 = 12 240 
= feof [= fe fe [me 
= feof [= fe Pe [me 
ee 
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Table 1-1. Host Interface (cont.) 


lon lo Load GPIOb Pixel Bus¢ 
cau (mA) (mA) (pF) Redefinition Redefinition 


a 
a 
Os 
es 
a fof [fe [| css [om 
Ta fof [= f= f=» | sess [ome [ 
Te fof [= [= |» | sess [ero [re 
apo [f= [= | @ | ese [oro [re 
= fo [fs fe [| ses [ero [re 
Os 
Os 
Te fo [f= ff | eos [Teron | 
Os 
Fs 
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Table 1-1. Host Interface (cont.) 


Type (mA) (mA) (pF) Redefinition Redefinition 
a ee ee 
| ze fo} | ef e | | ews | | 
Po two] fe fe | om | poses | ros | 
Pe fmt | |e | om | ose | ame | 
Ea Ra Ese ae ee 
[eee = = ee 
[eee | Wee] ese ae 
eae f= = a ees 


ee 

a 

a 
a fe [fe [| eres [eros 
SO 
Ps [ol | ss |» | Fees | coe | 2 
4 Indicates nominal 250-kQ pull-up resistor. 


b See Appendix B11 for additional information on the general-purpose I/O port. 
© See the definition of register GR18[6]. 


Table 1-2. Video Interface 


V-Port™ 


ata a ee a 
OO 
a 

a 
a 


[eB = Semen Teste ales eee aI ee 
[eae We eee oe = ee 
eS ee 
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Table 1-2. Video Interface (cont.) 


V-Port™ 


(Prog. Output 1) 
[| oa | 
re 


101 


a @ indicates the presence of an internal 250-kQ +50% pull-up resistor. 
b P[15:8] are redefined PCI pins. See the definition of register GR18[6]. 


Table 1-3. Display Memory Interface 


[Pa vinver[ Panes | ara [ Tova) | txtmn [coven [vane 
FO 
FO 
OO 
A (ee (RT (CS — 


A 
a 
a 
OO 
OO 
+e fe ee 
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Table 1-3. Display Memory Interface (cont) 


[Pevanver[ Pevipe | Pataoe | tnten) | tain) | toh [vane 
a 
a 
a 
OO 
2 
a 
a 
A 
a 
Te [ee ee 
A 
OO 
OO 
a 
OO 
a 
Tee fe fe 
Te [ee fe er 
Te fe fs 
OO 
FO 
me 
Oc 
me fs 
OO 
ee 
2 
OO 
ee fe 
Te fe fe fe 
Oc 
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Table 1-3. Display Memory Interface (cont.) 


[Pevanver[ Pevine | Patan® | tntmn) | tai”) | tow [vane 
a 
eG OCG GR 
Te fe fe fe 
a 
ee 
FO 
ee 
OO 
a 
ere 
Sn 
a 
Fn 
SO 
Te fe fe fs fe ae 
OO 
Te fe fo fs fe 
=e fe fe fs fe 
= fe fe fe ee 
Tw fe fe es 
Te fe fe fe ee 
Te fe fo fe fe 
we fe fe fe 
ee fe fe fe fe 
ee fe fe fe ee 
ae fe fe fe fe 
fe fe fs fe fe 
we fe fe fs fe 
Te [ef fs fe oe 
Te fe fe fe fe fe 
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Table 1-3. Display Memory Interface (cont) 


[Pevanver[ Pevipe | Patane | tnten) | tatmA) | too [vane 
a 
Te fe fe fe fe 
a 
= fe fe fs fe to 
OO 
Fn 
ee P08 
a 
a 
Oo 
OT 
a 


a @ indicates the presence of an internal 250-kQ +50% pull-up resistor. 
b MAS8 is connected to Memory Address 0 for asymmetric DRAMs. 

¢ MAO is connected to Memory Address 8 for asymmetric DRAMs. 

d MD[7:0] are also used as the BIOS Data Input pins. 


Table 1-4. General-Purpose I/O? Port 


[pannaer | Pavvee | tntom) | maton) | cos | Pine | pesos 
fn 
a 
a 
a 
Oc 


Sc 
a 
OS 
a 
a 
Sn 
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Table 1-4. General-Purpose I/O? Port 


[Pananser | Povipe | ovina) | tatna) | toa | Panne | Pease 
a 
a 
OO 
a 
a 
a 
a 
a 
a 
a 
a 
a 


a The pins in this table are redefined to be used for the General-Purpose I/O port. See Appendix Bt. 


Table 1-5. V-Port™a 


[nanser | Povine | tna) | tama | tote | Pane | Pease as 
a 
Sn 
a 
a 
a 
0 
a 
a 
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Table 1-5. V-Port™a 


See er ee ae oe eee | Se 
ee eae ee 
a 


a The pins in this table are redefined to be used for the V-Port. 


Table 1-6. Miscellaneous Pins 


GPIO> 
Pin Type lon (MA) | lo. (mA) | Load (pF) Redefinition 


| 107 | 12 2 | DDCCLK | }ppecikK {| 
ee ee 
= re ee me 
a 
ee 
a eS 


a @ indicates the presence of an internal 250-kQ +50% pull-up resistor. 
b These pins are also used for the General-Purpose I/O port. See Appendix B11. 


Table 1-7. Clock Synthesizer Interface 


a 


4 Pin 16 is also used as Programmable Output 0. 
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Table 1-8. Power and Ground 


ee al 
ee 
a 


= 


a fou 
oa; wo oo 
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Table 1-9. Pins with Multiple Uses (Ordered by Pin Number) 


V-Port™c | VESA® veid Memory | Programmable 
Namo Interface | Bus 


= [ees =e 
(8 [ees [=e 
id 
Peewee [=e 
ewes [= 
ae [weave [=e 
a 
Te [ees [=e 
ee 
ef re 
[aos [ero [= [ee 
[eos [oro [fe [= 
a [wos [ero [= [ee [= 
ar [eens [ero [0 [= 
[eos [oro [= [=| oe [= 
Te [eos [ros [= [= [we [= [= 
[eos [roe [= [= | ee [= [= 
st [eose [ror [= [= [em [= 
[#[eosm [oro [= [= [wm [= [= | 
[soos [orowne [= [= [we [= [= | 
# [aosae | oros [ros [me [| - [| - | - | —_ 
s [eosar [oro [roe [re [| - | - | - | -_ 
ar [eosae | crows [roo [re | - [| - | - | -_ 
= [= [ove [roe [me [ - [- | - | -_ 
= [= [oon [ron [on [= [- | = [-_ 
(0 [aosne | oro [rao [re | - [| - | - | -_ 
Tsao [oe [= [=f we [fi 
(e [oosms [om [= [= [mer - [= | 
a [= [roe [mee [= = 
pe [= [roe [ree [re = = 
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Table 1-9. Pins with Multiple Uses (Ordered by Pin Number) (cont.) 


V-Port™e | VESA® VMI4 Memory | Programmable 
Namo Interface | Bus 


Ties [== pc [oc [== 
Oe a 


a These functions are enabled when the BIOS is enabled in PCI30. 
b GPIO is configured with CF8, CF4, CF3 (Revision A only). 

¢ These pins are configured for V-Port in CR50[4] and CR50[1:0). 

d These are the pin names on the VMI interface for reference only. 
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2. FUNCTIONAL DESCRIPTION 


2.1 General mented by using two 256K x 16 DRAMs with the 


CL-GD5446. 
The CL-GD5446 offers a VGA solution that is 
totally compatible with the IBM VGA standard. The _—‘ Figure 2-1 presents a functional block diagram of 
CL-GD5446 includes a VGA core, 64-bit BitBLT | the CL-GD5446, showing the connections to the 
engine, video capture and display, and on-board _ host, display memory, V-Port, and monitor. 
frequency synthesizers and palette DAC. A com- 
plete VGA motherboard solution can be imple- 
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Figure 2-1. CL-GD5446 Functional Block Diagram 
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2.2 Functional Blocks 


The following sections describe functional blocks 
that are integrated into the CL-GD5446. 


2.2.1. CPU Interface 


The CL-GD5446 connects directly to the PCI bus 
with no glue logic. The CL-GD5446 decodes the 
entire 32-bit address so that no address mirroring 
occurs. The CL-GD5446 interface executes 32-bit 
I/O and memory accesses at a speed of up to 33 
MHz. The CL-GD5446 also supports memory burst 
cycles. The CL-GD5446 can support an additional 
peripheral device while remaining fully compliant 
with the PCI single-load specification. The 
CL-GD5446 is PCI 2.1-compliant. 


Revision B of the CL-GD5446 has two 16-Mbyte 
windows into the frame buffer for compliance with 
PC97. 


2.2.2 CPU Write Buffer 


The CL-GD5446 has a multi-level 32-bit CPU write 
buffer which dramatically increases GUI accelera- 
tion and enhances CPU performance. The CPU 
write buffer contains a queue of CPU write 
accesses to display memory or the BitBLT engine 
that have not been executed because frame buffer 
bandwidth has not yet been available. Maintaining 
a queue allows the CL-GD5446 to generate 
TRDY# to complete the bus cycle as soon as it has 
recorded the address and data, and then to exe- 
cute the operation when display memory cycles 
are available. 


2.2.3. Graphics Controller 


The graphics controller is located between the 
CPU interface and the memory sequencer. It per- 
forms text manipulation, data rotation, color map- 
ping, and miscellaneous operations. These 
operations are typically performed in the graphics 
controller for VGA-compatible applications; newer 
applications take advantage of the BitBLT engine. 


2.2.4 BitBLT Engine 


The CL-GD5446 has a 64-bit BitBLT engine that 
supports color expansion with or without transpar- 
ency for all graphics pixel sizes as well as 
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transparency without color expansion for 8- and 
16-bpp graphics formats. 


The Control registers for the BitBLT engine are 
memory-mapped and double-buffered. Memory- 
mapping the Control registers allows the fastest 
possible parameter transfer. Double-Buffered Con- 
trol registers and the AutoStart feature provide the 
greatest possible degree of parallelism between 
the host and the BitBLT engine. 


2.2.5 Memory Arbitrator 


The memory arbitrator allocates bandwidth to the 
four functions that compete for the frame buffer 
bandwidth: DRAM refresh, screen refresh, V-Port 
writes, and CPU and BitBLT access. 


DRAM refresh is handled invisibly by allocating a 
selectable number of CAS#-before-RAS# refresh 
cycles at the beginning of each scanline. Screen 
refresh, V-Port writes, and CPU/BitBLT access are 
allocated cycles according to the FIFO control 
parameters. Priority is given to screen refresh and 
V-Port writes. 


2.2.6 Memory Sequencer 


The memory sequencer generates timing for dis- 
play memory. The CL-GD5446 can be configured 
to generate timing optimized for EDO (extended 
data output) DRAMS with MCLK programmable up 
to 80 MHz. The control signals from the 
CL-GD5446 to the DRAM are RAS#, CAS#, WE#, 
and the multiplexed address bus. The sequencer 
generates CAS#-before-RAS# refresh cycles, ran- 
dom read and random early write cycles, Fast- 
Page mode read and early write cycles, and EDO 
read cycles. The memory sequencer can generate 
addresses for symmetric or asymmetric DRAMs. 


2.2.7 CRT Controller 


The CRT controller generates all the timing 
required by the monitor including HSYNC, HSYNC, 
and BLANK#. The sync signals have programma- 
ble polarity and can be forced static for monitor 
power management. The CL-GD5446 BIOS sup- 
ports all standard VGA modes, as well as extended 
resolutions up to 1280 x 1024. The CL-GD5446 
supports a hardware video window for video play- 
back. 
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2.2.8 Display FIFOs 


The display FIFOs allow data from the frame buffer 
to be fetched before it is actually needed for screen 
refresh. This allows the fetches to be executed as 
EDO Fast-Page mode read cycles rather than ran- 
dom read cycles, greatly increasing the available 
memory bandwidth. The CL-GD5446 has two dis- 
play FIFOs, allowing information from two indepen- 
dent sources streams to be mixed together in the 
display pipeline. This is necessary for occlusion 
support and also for Y-interpolation. 


2.2.9 Attribute Controller 


The attribute controller formats the display for the 
screen (primarily text modes). Display color selec- 
tion, text blinking, and underlining are performed 
by the attribute controller. Alternate font selection 
also occurs in the attribute controller. 


2.2.10 V-Port™ 


The CL-GD5446 V-Port writes realtime or recorded 
video from a decoder to the frame buffer, typically 
for display in the video window. Video can be con- 
verted to AccuPak™ or can be decimated vertically 
and horizontally. When video is being captured for 
display in the window, the capture and display buff- 
ers can be automatically swapped as each frame 
is captured. This prevents the display of partial 
frames with a minimum of host intervention. 


The CL-GD5446 has an independent capture 
FIFO. This allows video capture to occur at the 
same time interpolated Y-zooming or occlusion is 
being used. 


Luminance-only capture is available for TeleText 
and closed caption with suitable software. 


The V-Port hardware interface uses the same pins 
as the VGA pass-through connector. It can be con- 
figured for an 8- or 16-bit pixel bus and for either 
active sense of HREF. 


2.2.11 Hardware Video Window 


The CL-GD5446 features a programmable hard- 
ware window for the simultaneous display of 
graphics and video. The graphics and video for- 
mats can have different color spaces and even 
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pixel sizes. The display of 8-bpp palettized graph- 
ics with YUV 4:2:2 graphics is a typical application. 


The video can be independently zoomed in the 
horizontal and vertical directions up to 4x. Horizon- 
tal zooming is always done with interpolation of ‘in- 
between’ pixels. Vertical zooming can be done with 
scanline replication. Scanline interpolation can be 
used for vertical zooming at 2x or greater (subject 
to frame buffer bandwidth limitations). 


Occlusion support allows the graphics and video 
streams to be mixed on a pixel-by-pixel basis. 
Color key matching of the graphics source or 
chroma key matching of the video source can be 
used to determine which pixels are replaced. 
Occlusion is supported for 8- and 16-bpp graphics. 
Occlusion and Y-zoom with interpolation are mutu- 
ally exclusive. 


2.2.12 Palette DAC 


The palette DAC block contains the color palette 
and three 8-bit digital-to-analog converters. The 
color palette, with 256 18-bit entries, converts an 8- 
bit color code that specifies the color of a pixel into 
three 6-bit values, one each for red, green, and 
blue. 


Alternatively, the CL-GD5446 can be configured for 
8-, 15-, 16-, or 24-bit direct color RGB pixels. This 
allows 256, 32K, 64K, or 16M simultaneous colors 
to be displayed on the screen. 


The CL-GD5446 also supports YUV 4:2:2 and 
AccuPak formats within the video window. 


The palette DAC supports a Power-Down mode 
which temporarily turns off clocks to the palette 
and power to the DAC to conserve power. 


2.2.13 Dual-Frequency Synthesizer 


The dual-frequency synthesizer generates the 
memory sequencer and display clocks from a sin- 
gle reference frequency. The frequency of each 
clock is independently programmable. The maxi- 
mum memory sequencer clock and display clock 
are 80 MHz and 135 MHz, respectively. The refer- 
ence frequency of 14.31818 MHz can be gener- 
ated on-chip using an inexpensive 2-pin crystal or 
it can be supplied from an external TTL source. 
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2.2.14 VESA®/VGA Pass-Through 
Connector 


The CL-GD5446 can connect directly to a VESA 
connector for input or output. The device supports 
the three enable/disable inputs; the Pixel bus can 
drive the connector directly. 


2.2.15 General-Purpose I/O Port 


The CL-GD5446 can support an additional periph- 
eral device on its adapter card. Address decoding 
and data buffering allow the additional device while 
maintaining the PCI ‘single-load’ specification. 


2.2.16 I2C Interface 


The CL-GD5446 has a built-in two pin interface 
that can be used to control peripheral devices such 
as TV tuners. This interface can also be used for 
DDC2B monitor identification. 


2.3 Performance 


The CL-GD5446 is designed with the following per- 
formance-enhancing features: 


e 64-bit display memory data bus for faster access 
to display memory 


e Memory-mapped, double-buffered BitBLT regis- 
ters with autostart maximizes host/BLT overlap 


e Transparent source BitBLT for increased BLT 
functionality 


e DRAM timing configurable for EDO operations 
for faster access to display memory 


e 80-MHz MCLK provides 320-Mbyte/second 
peak frame-buffer bandwidth 


e Burst host bus performance and a CPU write 
buffer that allows faster CPU access for writes to 
display memory 


e Increased throughput with PCI local bus inter- 
face with Burst mode 


e 32-bit CPU interface to display memory for faster 
host access in all modes, including Planar mode 
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e 16- or 32-bit CPU interface to I/O registers for 
faster host access 


e Multi-level, 32-bit system memory write cache 
e 32-bit internal data inputs for internal DAC 


e two display FIFOs to minimize memory conten- 
tion 

e Video capture decimation to reduce the memory 
bandwidth requirements 


e YUV planar assist and AccuPak™ reduce codec 
CPU processing, increasing host bus and mem- 
ory bus transfer rates 


e 32 x32 and 64 x 64 hardware cursor to improve 
Microsoft® Windows® performance 


2.4 Compatibility 


The CL-GD5446 includes all registers and data 
paths required for VGA controllers, and is upward- 
compatible with the CL-GD542X family. 


The CL-GD5446 supports extensions to VGA, 
including 1024 x 768 x 16M interlaced, 1024 x 
768 x 64K interlaced and non-interlaced, and 1280 
x 1024 x 256 interlaced and non-interlaced modes. 


Production Revision B of the CL-GD5446 is com- 
pliant with PC97. 


2.5 Board Testability 


The CL-GD5446 device is testable, even when 
installed on a printed circuit board. By using Pin- 
Scan testing, any IC signal pin not connected to the 
board or shorted to a neighboring pin or trace, is 
detected (see Appendix B7, “Pin Scan” in the 
CL-GD5446 Technical Reference Manual).The 
signature generator allows the entire system, 
including the display memory, to be tested at speed 
(see Appendix B6, “Signature Generator” in the 
CL-GD5446 Technical Reference Manual). The 
CL-GD5446 enhanced signature generator test 
allows the BitBLT engine, the V-Port, as well as the 
frame buffer to be tested. 
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3. CONFIGURATION TABLES 


3.1 Graphics Modes 
Table 3-1. IBM® Standard VGA Display Modes 


Mode | VESA® No. of Char. x | Char. Screen Display es oe ae 
No. No. Colors Row Cell Format Mode q- q. q. 
MHz kHz Hz 


Met ey eee fee ae aa) 
Te [6 | eae [anne [axe | eaz00 [canis [a | os | 
To [0 seas [anne [exe | canzon [ canis [vas | vis [7m 
A 
Te [2 [ease [ance [ore | oweeo [came [a [vs [oe 


NOTE: The EGA-compatible text modes (which use an 8 x 14 font) and graphics modes 10 and F use a 16-dot high 
font, with the bottom two lines truncated, in the absence of TSRFONT (8 x 14 font TSR). This creates some 
errors when displaying characters with descenders, but does not restrict operation of programs using these 
modes. In text modes using the 8 x 14 font, the characters ‘g’, ‘’, ‘p’, ‘q’, ‘y’, and ‘y’ are truncated using a 
middle- and bottom-line algorithm to avoid truncation of descenders. For compatibility with some DOS appli- 
cations using the 8 x 14 font, the TSRFONT utility should be used. Applications such as DOSSHELL, in 
Graphics 25 or 34 line display modes, require the TSRFONT utility to be loaded. 
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Table 3-2. Cirrus Logic Extended Display Modes 


Mode | VESA® No. of Char. x | Char. Screen Display Exel Hone: Ver: 
Freq. Freq. Freq. 
No. No. Colors Row Cell Format Mode 
MHz kHz Hz 


eet te ne ee oe eee ee 
[se [we [asec [rvoxs7 [exe | eorxe0o | cams | [ove [ov 
[ao [ so [seas [eons [oie | vores | cams [os [3 [oo 
[ao [sor [eas [reoxae [oie | sons | cams [77 [| me 
ao [vor [reac [eons [eve | von | caonis [var [wo [8 
a [sor [esas [oon [exe | exes | cams [a [ais | a 
[oo [ 06 [aan [eons [ete | von7es | canis [os [#3 [0 
[oo [0s asa [eons [eve | venir | cams [72 [| 
[| ses [aan [Teena [oie | voir | Goons [77 [| me 
[o> [ses esas [reoxae [ oie | vor | Goons [var [eo | 
[| ses [esas [reoxae [ oie | vores | Goons [os [ees [oe 
De fom [ex [= [= | worse [commis [a [ois [oe 
De fo [ee [= | worse [eons [is [ore [ee 
Pe [om fe [| ese [canis [is [ors [ 
De [oe [ex [=| wae [canis [oe [es [ 
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Table 3-2. Cirrus Logic Extended Display Modes (coni.) 


Mode | VESA® No. of Char. x | Char. Screen Display a bag Mahe 
No. No. Colors Row Cell Format Mode q q q- 
MHz kHz Hz 


| 114 14 | 800x600 | | 800x600 | 600 | Graphics | | 352 | 2 


eee en ee ee 
es [ oe [ee [| one [canis [fe [ee 
es [ve [ee [= [=| one caonis [aes [es | 
a 
ee 
ee [io [sa [| seo aos [sis [ore [me 
A 
ee [ie [seat seo [canis [ee [ss [os 
a 
a 
Ter [ie [se] ooo [canis [fe [me 
er [aie [ser] ooo cis [aes [es [8 
a 
eet [ie [see [| ens [canis [0 [oss [a 
ee [oe [wee [= [= | rons [coors [os [ee [oo 
ee [oe [eee [= | oni [cones [ef | 
ee [oe [we [= [| one [cconis [mer [| 
ee [ae [eee [= [| one [cconis [as [eee [oe 
[eo ser [ease [reoxee [exe | wonxvoe | coors [ve [= [oo 
[eo [ver | asawn [reoxee [exe | wonxvoe | Goons [roe [| 
Pa fe [ve [= [= | woes [cones [as [ais [oe 
Cafe [er [| seo | cones [is [ore [me 
Pa fe [er [| seo | cones [as [ors [ 
Pa fe [er [| woes [canis [oe [es [os 
Poe [oe [ee [= [=| tons [caonis [ee [oss [a 
Dae [a [ee [== | ene [cconis [os [ee [oe 
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Table 3-2. Cirrus Logic Extended Display Modes (conit.) 


Mode | VESA® No. of Char. x | Char. Screen Display oe path bah 
No. No. Colors Row Cell Format Mode q q q- 
MHz kHz Hz 


iia 17 | 1024x768. | x 768 | Graphics 


cae Sea eae ee 
Te [fea en rs [cos [ons [oes [os 
Pose [ae [ex [= [= | ior [ canis [2 [| a 
Tae [oe [er [= [=| once [canis [oe [se [oe 
Tae [ie [er [= [| one [canis [ae [ore [oe 
Tae [ es [er [| oe [canis [fe [me 
Tae [is [er [= [| ooo cams [aes [es [8 
Pie [os [er [| one ais [esas [sr [os 
Tae [ae [er [= [| ens [canis [0 [oss [a 
Tae [ie [er [= [ens [cams [os [es [oo 
Tae [ie [er [Yen res [canis [2 [| 
Tae [oe [ae [Yen rs [ceanis [707 [eo [8 
ae [ie [er [Yen rs [cis [as [ees [os 
re [= [ae [| iicon [canis [es [ees [a 


NOTES: 
1) ‘¥ character indicates 32K Direct-Color/256-Color Mixed mode. 
2) tT character indicates Interlaced mode. 


3) Some modes and some refresh rates are not supported by the CL-GD5446. Refer to the CL-GD5446 Software 
Release Kit for the list of display modes supported by the CL-GD5446 BIOS. Also see the inside front cover of 
this manual. 


4) Some modes are not supported by all monitors. The fastest vertical refresh rate for the monitor type selected is 
automatically used. 


5) The CL-GD5446 can support 132-column text modes, not included in the BIOS. 
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3.2 Configuration Register, CF 


When RESET (system power-on reset) is active, the CL-GD5446 samples the levels on several of the Dis- 
play Memory Data (MD[63:48]) pins. These levels are latched into a write-only Configuration register 
(CF1). This register controls some fundamental operating modes of the CL-GD5446. 


The levels on the Memory Data bus default to a logic ‘1’ during power-on reset because of internal 250-kQ 
pull-up resistors. A logic ‘0’ is achieved by installing an external 6.8-kQ pull-down resistor on the memory 
data line corresponding to the appropriate bit in the Configuration register. Refer to Appendix B5, “Con- 
figuration Notes”, in this manual. Table 3-3 summarizes the Configuration register. 


Table 3-3. =. ee Register Bits 


SS Enable Pin-Scan test 
Disable Pin-Scan test 
MD62 PCI3C[8] = 1 (interrupt claimed) 
PCI3C[8] = 0 (interrupt not pace 
| MD6o ee ee Used with CFS to define MCLK 


a 161 Asymmetric DRAM (RAS*/CAS* addressing) 
Symmetric DRAM (RAS*/CAS* addressing) 
| MDSB ——— Pull-down resistor required (CAS steering) 


a 163 7-MCLK RAS* cycle 
6-MCLK RAS* cycle 


MD56 Used with CF4 to define GPIO, VGA register relocation 


Revision A only. See Appendix Az for Revision B silicon. 


aS 171 Feature Connector pins (P[7:0], BLANK#, DCLK) disabled 
Feature Connector pins normal operation 
| MSs oa ar Used with CF12 to define MCLK 
= 173 Used with CF8 to define GPIO, VGA register relocation 
Revision A only. See Appendix AZ for Revision B silicon. 
MD51 174 3 0 Enable PCI14 for GPIO, VGA register relocation 
1 Disable PCI14 (no GPIO, VGA register relocation) 


MD50, MD49, 141, 142, 143 2,1,0 Reserved 
MD48 Reserved 
Reserved 
Reserved 
PCI bus 
Reserved (VESA VL-Bus, reference only) 
Reserved 


3-28 
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4. VGA REGISTER PORT MAP 


Table 4-1. VGA Register Port Map 


® - TM 


3B4 


CRT Controller Index (R/W — monochrome) 


Pao ee 
| a5 CRT Controller Data (R/W — monochrome) Ee 
| BA Feature Control (W), Input Status Register 1 (R — monochrome) ne, 
[sca [nie onto ramcoaiwey | 
[se [ate Concha YS 
[sce [Mitac ua stereo [| 
a 
[set [Senora SCS 
a 
Video DAC Pixel Mask (R/W), Hidden DAC Register (R/W) es 
[ser [Fietaaenensnowsm ones | 
[sce [Piatuaacwrionmwy CS 
SN 
[ck ree concn CCS 
[60 | ecannes Orman) PCS 
a 
[se [each Concours SCS 
3D4 


CRT Controller Index (R/W — color) 


Feature Control (W), Input Status Register 1 (R — color) 


4 These registers are available only when the CL-GD5446 is configured for VESA VL-Bus. The CL-GD5446 is not 
available for VESA VL-Bus. 
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5. REGISTER MAP 


All CL-GD5446 registers are listed in Table 5-1. Page numbers in the Page column refer to the register 
description chapters later in this manual. The registers that have a (V) in the I/O port column are for the 
VESA VL-Bus and are listed for reference only. Registers at I/O port 3Dxh are at 3Bxh when the 
CL-GD5446 is programmed for Monochrome mode (MISC[0] = 0). 


Table 5-1. CL-GD5446 Registers 


a 

[Missseneomsoumutreasoy) | soon [| | 
o——[Fenureconmahwasony ama || | 
a ee oe ee 
a 
psa Pipesausressers fom | P 
a OO 
a Palette Address (Read mode) (write only) i ee ee 
= oresaeressony Tom f= T= [ae | 
[= Yate acres wero cam [T= er 
a a 
pron [Wien oacreamer [acme |= T= | a 
eae el ee ee 


PCI04 PCI Status/Command 
PCI08 PCI Class Code 
PCI10 PCI | PCI Display Memory Base Address Memory Base Address 


eee Relocatable I/O and GPIO Base Address 
PCI14 
(Revision A) 


PCI18 PCI GPIO Base Address (Revision | PCIGPIO Base Address (RevisionB) | 


PCI2C PCI ee eee | Vendor ID 7. es 
(Revision B) 


PCl | PCI Expansion ROM Base Address | ROM Base Address | PCIExpansion ROM Base Address = | 30h | - | ft | 

[rose [rtietne ae Pp 
[x [rico [ee [= 
[APO-AF [Reo ConmolerPacte =‘ soonaoin [oocorm |= | 7 | 
[Ano [ Awe Conmotervose =i sconacin [ram ae | 
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Table 5-1. CL-GD5446 Registers (cont.) 


Sd 
Overscan (Border) Color | sconscth | 1th | | 47 

eae tne ene se | ff er 
a 
a 
a 
I 
a 
a 
SD 
I 
fens [orrovencartms «mm [om [= 
fem [orteowerow «mmf om [= a 
Lc 
i 
a 
a 
[onc [ortosseensarasieestign | soe [oon | | oa | 
[ono [oroseeenSarAsieestow | soar [oon || ae | 
[RE [erro Tecumortacatonaen | soar [aes || as | 
[oar [erro Tencumortacatentow | soe [om || a8 | 
renin [orrovenaisyesen | soem [oe ar | 
feat [errovensresre | soem [| | | 
a 
a 
a 
a 
a 
fea [erewosecomes | soem am | 
a 
a 
i 
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Table 5-1. CL-GD5446 Registers (cont) 


[een] fears ———~| ‘NOP | wr [nO | 
[emis [Eien Goce «CY 
fenic_[Srendistaracemoce aoa rem [= | ae 
femio—_[vwtaySerdegGonr aah | vom |= | 
[enae [Gopi Onacesteaiax eats) [som [am [= | 
[emas [Atte Coole Reains easy) | s05 [am [=| 
a 
[emae [Ae Cooler eats eadorn) [205 [aah [=| 
fener [restos am | em | a 
[erst [vesowiiow een zoonGonrs [som [am [= | 
[ense | Wesowiiow erestzoon Gomi —somh [am [= | #8 
[emai [vesowiaowiesnnaiRegent sie som [am [= | oe 
[ena [verowiewResonawan aoa [am [= | or 
[ense | Vesowiaew Recon a oucetua Sie [som [am [= | 6 
fense—__[vemowiicwieseni Grow «aoa _aem [=| 
fener [Werowiaewveresisat «aah am [= | a0 
i 
[enee | venowiacwvereatoretow aoa [am || Oe 
[eran [Vemuri Saraasestyeo [aoe [am [= | om 
ferae [Veneer Sanaasestyes [aoe [aah [= | oe 
ferao [Vem aiferSanaaentyea [aoe [ech [= | ore 
fereo [vem buraatose met [aoe | wom || OS 
[eras [venowiscwnianrconest «aah wen [=| O70 
[erar——[Weetaenuvios Gone || Oe 
a 
[erst [venoGarirebaarora aoa sm || oa 
[emis Wen GarreHovzatonaeaicon [som [eam [| oa 
[ens [venoGarevorarbaareaicion [som aim [| oa 
a 
fens [VenoGararevoeatoaiy moma [| Oa 
[ens [ven Garrenasimenveam aoa em [=| oar 
[ens [ Ven GarreMsclreoe Gomes a6 [eam [| 0am 
fens [Memo auterasaraaen veo [som [am | = | oa 
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Table 5-1. CL-GD5446 Registers (cont.) 


[amen] ——_—_—peaorane ‘NOP | wr [WO | 
i 
[emis [vamowiaewaigres amis «aah eam [= | 0 
[eno [Lirirars-ony cape Gone som _[_sem_[ =| 0 
[enio | varowiiowRinnioonens «aah som [=| oe 
pense [Baiesiterconess aah | ae |= | Ow 
fem [aot concternam ee =f | 
[ero [SeiReet Baye cabraiew oer [aah 0 | ome 
[ere [Spi Sonor GobrGarpare arm _eah [=| Sam 
[ere [SoieGonctroua foie aera [= oem 
[ena [Soin Gono Resdtan suet 06th am [=| oom 
a 
Lc 
[er [Spies Goce cnordorvae eet [em [=| 
[era [Spti concise agree [= | a 
a 
a 
[ere [Sapte conctrncaeceeniom [acre weh [| a 
[ene [oerteyerorareyconewe eer [ach [=| a 
[ero [oerreyntaaccronaney ace omh | aa 
peme—[Foweiragren eee |e || Om 
fens [Feegainicooreina eee [vem 8 | 
[erie [Ave Opi re emtacceyeo ace vem [=| aa 
[en [Ave Bp entecceyet age me [| ae 
penis [Eteneconmrcowcr neem vem || ar 
a 
a 
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Table 5-1. CL-GD5446 Registers (cont) 


[meanness ———~| ‘FOF | wr [nO | 
a a 
[emo [Svaratey=UNiniminGeenninimm [oer [ven [=| 028 
[ero [Svaratay=UNsinumGreentiiren [| _26e [vom [=| 828 
[ame [vara tay=virinuntuetimim [eee [veh [=| 028 
[emir [Svaratay=viesnunhenasimn [oer [vem [=| 038 
fereo[atwanareo teem | mh | | 
fener [atwanares eee em |e | 
LS 
[eras [Aitesinaionranet neem [aim | oo] se 
fsx [Severna em 
a 
[sei [Snerercecianece mem om f= aa 
[sre SeererPaneniene am wah [| 
a 
[sre [Seererioreynede em om [| as 
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Table 5-1. CL-GD5446 Registers (cont.) 


aoveveton] ———_—feasernone «| ‘POP | tne [wo | Pow 
a 
[sar [EwenseaSequercernaae «| scan [om || | 
[sme [BocrseePnowcom «| scan [om |i (oe | 
a 
a 
Ec 
Ec 
ES 
cL 
[sar [oRawconeor «sce f e| 
ES 
reat [Grapes Cusorvrearon «fom [in [= a 
rsare [rapes Cusoravimies «fom [rm [= (| a 
[Sma | Gaps GusorPatermAssess Greet 05m [an [=| Be 
ES a 
a 
[sae [Dap FFOTwesescome | scm [ee | oe | 
[SAT [ ConfeuatonReamaskanexerdesomal | sc [rm |= | a | 
[Smo | Serawecererterconeot | scan [n= | 020 | 
[SA | SeraweGererterResottowsre [sca [rn =| 022 | 
[SIA | SaraweGerertorResornameve [sc [van |= | 029 | 
[SRB | voUnO DenrinaoransFontsoaar [scar [ ven | =| 026 | 
[SAIC | VOIR DeorinaoransFostsewer [scar [ron | =| oe | 
[SRO | voR@DeorinaoransFontscaer [sca [von |= | oe | 
[SRE | VOUS DenrinaoransFontsoaer [scan [ven [=| oe | 
pane [woseen | some [m= | | 
Ga a FA 
3C3 (Planar) Sleep Address 


|vssM | 46E8 (Adapter) Sleep Address 
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6. PACKAGE SPECIFICATIONS 


30.35 (1.195) 
30.85 (1.215) 


27.90 (1.098) 
28.10 (1.106) 


FO ~—-27,90 (1.098) 
Foo 28.10 (1.106) 


30.35 (1.195) oo 
30.85 (1.215) | 


CL-GD5446 
208-Pin PQFP/HQFP 


0.50 ooo 
(0.0197) <= 
BSC 


€ Pin 1 Indicator 


3.17 (0.125) 
0.40 (0.016) 3.67 (0.144) 1.30 (0.051) REF 


0.75 (0.030) 


NOTES: 
Dimensions are in millimeters (inches), and controlling dimension is millimeter. 


a 


) 
2) Drawing above does not reflect exact package pin count. 
3) Before beginning any new design with this device, please contact Cirrus Logic for the latest package information. 
4) HQFP is a high-performance QFP with an exposed or unexposed heat sink. 
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7. ORDERING INFORMATION EXAMPLE 


CL — GD5446 — 3QC —-A 


Cirrus Logic Inc. al | ik: Revision + 
Graphics, Display Temperature Range: 
C = Commercial 
Part Number 


Package Type: 
Q = Plastic Quad Flat Pack 
H = High Performance Quad Flat Pack 


3.3 V device 


+ Contact Cirrus Logic. for up-to-date information on revisions. 
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